ABSTRACT
INTRODUCTION
Primary liver cancer is the fifth most common cancer worldwide, and the third leading cause of cancer death. HCC is the major histologic subtype among primary liver cancers. Endemic areas of HCC include Southeast Asia and sub-Saharan Africa [1] . In areas of low prevalence including North America and Europe, HCC incidence is rising [2, 3] . In the United States, HCC had the highest increase in mortality, and second highest increase in incidence, of all cancers between 1995 and 2004 [4] .
Chronic liver disease and cirrhosis are primary risk factors for HCC. Chronic viral infection with hepatitis B (HBV), hepatitis C (HCV), and alcoholic injury, are the predominant causes of liver disease [5] . In the United States, HBV rates are lower, whereas HCV is associated with 70% of HCC [6, 7] . However, 15% -50% of HCC cases are non-viral and non-alcohol related and classified as cryptogenic [7] [8] [9] .
Metabolic disease including obesity, diabetes mellitus, and hyperlipidemia, are associated with non-viral and non-alcohol related HCC [7] . Perhaps a hepatic manifestation of metabolic disease, non-alcoholic fatty liver disease (NAFLD) is the most common liver disease in the United States [10] . Characterizing a disease spectrum including simple steatosis, NASH, cirrhosis, and endstage liver disease (ESLD), NAFLD may progress to HCC, and account for a substantial portion of cryptogenic HCC [11, 12] .
Diagnosing HCC utilizes liver imaging, histopathologic evaluation, and tumor markers. Screening for HCC commonly uses liver ultrasound (US) and measuring AFP. Abnormal screening findings prompt diagnostic imaging with contrast-enhanced computed tomography (CT) and/or magnetic resonance imaging (MRI). Liver biopsy is used in scenarios with diagnostic ambiguity.
AFP is a glycoprotein which is normally produced by the fetal liver, yolk sac, and the gastrointestinal tract. Although it is most commonly elevated in HCC, elevations in serum AFP can be seen in various malignancies including testicular, bile duct, pancreatic, stomach, and colon cancer. Elevated AFP can also seen with non-malignant conditions including hepatitis and cirrhosis [13] .
AFP is the most commonly used tumor marker for HCC in clinical practice. It is easily obtainable and relatively inexpensive. However, recent guidelines do not include AFP in the diagnostic algorithm because of its overall sensitivity or specificity for HCC [14] . Defining an elevated AFP level > 20 ng/mL, confers a sensitivity of 60% and specificity of 80%. At a cut-off AFP level > 200 ng/mL, specificity approaches 100%, but sensitivity falls to 20% [15] . Yet, these performance characteristics for AFP are based largely upon studies of patients with chronic viral hepatitis developing HCC. Adding to the uncertain diagnostic utility of AFP has been the observation that a significant number of small HCCs do not secrete AFP.
Although AFP has long been used as tumor marker for HCC, it is increasingly viewed to be unnecessary in a contemporary role for diagnosis. Part of the reason for this change is likely due to improvements in diagnostic imaging. Another possibility may be the changing prevalence of chronic viral disease to fatty liver disease as the cause of chronic liver disease and HCC development. However, it is unclear whether there is a significant correlation between AFP and the development of HCC specifically in the setting of NASH. The purpose of this study is to compare the frequency of elevated AFP with various risk factors, and estimate the relative diagnostic utility of AFP in NASH-related HCC. HCC was diagnosed histologically by percutaneous biopsy, liver biopsy at the time of surgery, or examination of the resected liver. Consistent with the United Network for Organ Sharing (UNOS) policy regarding transplant for HCC, patients without histologic confirmation were diagnosed with HCC if they had chronic liver disease and a liver lesion ≥ 2 cm in size on two imaging studies (US, CT, or MRI) and one of the following: 1) vascular blush on CT or MRI 2) AFP > 200 ng/ml, or 3) arteriogram confirming the tumor [16] .
METHODS
The clinical presentation (i.e. reasons for referral and clinical workup leading to the diagnosis of HCC) for each patient were categorized as 1) symptomatic (i.e. abdominal pain or mass, weight loss, liver decompensation, jaundice), 2) asymptomatic (e.g. workup prompted by incidental finding on a prior imaging test), and 3) asymptomatic-abnormal finding on screening.
Although the Liver Center at our institution recommended that patients with viral hepatitis and chronic liver disease undergo HCC screening with AFP testing and US every six months, there was no uniform practice within our community that lead to this cohort. However, patients referred based on screening results, were identified by AFP testing and/or imaging (either US, CT, or MRI) at various intervals, ranging from three to twelve months, consistent with National Comprehensive Cancer Network guidelines [17] .
Demographic information, medical history, laboratory results, tumor characteristics, treatment, and survival data were collected via clinical interview by a single physician without structured questionnaire and entered into a prospective database. Information on diabetes mellitus, hyperlipidemia, smoking, family history of HCC, and risk factors for HCC including viral hepatitis, alcohol abuse (defined as greater than two alcoholic beverages daily for at least ten years), and other chronic liver diseases, were included. Patients who had elevated lipid levels or took a lipid-lowering agent were classified as having hyperlipidemia. Measured height and weight were used to determine body mass index (BMI), with obesity defined as BMI ≥ 30. NASH was diagnosed based on liver biopsy, absence of significant alcohol use, negative hepatitis serologies, and no established etiology for liver disease after clinical work-up by a gastroenterologistbumin level, prothrombin time, creatinine, alanine aminotransferase (ALT), aspartate aminotranferase (AST), platelet count, and serum AFP level. Laboratory data used for the study were obtained on, or within 2 weeks, of the patient's initial visit. Bilirubin, prothrombin time with international normalized ratio (INR), and creatinine, were used to calculate the MELD score. Tumor size, number, and location, were used to determine the Tumor Node Metastases stage according to the American Joint Commission on Cancer (AJCC) staging manual [18] . Milan criteria was defined as having a single tumor ≤5 cm in size, or ≤3 tumors each ≤3 cm in size, no macrovascular involvement, and no radiographic evidence of extrahepatic disease [19] .
AFP levels were determined as normal (≤20 ng/mL) or elevated (>20 ng/mL). The proportion of elevated AFP was compared by ethnicity, race, hepatitis B and C status, and presence of NASH. Normal vs. elevated AFP were also analyzed by presence of cirrhosis, tumor size, vascular invasion, MELD score ≥ 10 vs. MELD < 10 and MELD ≥ 15 vs. MELD < 15.
Analyses were performed using Excel, and JMP 9.0 (SAS Institute). Group characteristics were compared using analysis of variance (continuous variables) and chisquared analysis (categorical variables) with calculation of odds-ratios and 95% confidence intervals. Two-tailed p-values < 0.05 were considered significant.
RESULTS
In this cohort of 737 patients, 551 patients (74.8%) were male, and the mean age was 61.7 years. Ethnic distribution was: Asian-478 (64.9%), White-136 (18.5%) and Pacific Islander-103 (14.0%). 20 patients were classified "Other" and were Afro-American, Hispanic, or mixed ethnicity (see Table 1 ).
One hundred patients were diagnosed with NASH-related HCC. Their mean age was 67.2 ± 11.0 years, and the male: female ratio was 58:42. Compared to the 637 non-NASH patients, NASH-related HCC patients consisted of fewer males (58.0% vs. 77.6%, p < 0.0001), more diabetics (56.1% vs. 26.1%, p < 0.0001), large tumors >5 cm in size (62.0% vs. 46.8%, p < 0.01), and single tumors (74.0% vs. 63.6%, p < 0.05). There was no difference in age, BMI, or MELD score between NASH and non-NASH patients. There was also no difference in the proportion of patients meeting the Milan Criteria.
The percentage of symptomatic patients at referral did not differ significantly between NASH and non-NASH patients (49% vs. 40.5%, p = 0.127). However, patients with NASH-related HCC were less frequently identified through screening compared to non-NASH patients (11.0% vs. 21.4%, p < 0.05). Notably, a significantly lower percentage of NASH patients presented with elevated AFP levels compared to patients with diseases other than NASH (47% vs. 67.2%, p = 0.0001). While the mean AFP level did not differ significantly between NASH and non-NASH patients (12593 vs. 19721 ng/mL, p = 0.15), the median AFP value in NASH was 14 ng/mL vs. 70 ng/mL in non-NASH patients.
With respect to metabolic disease, the frequency of elevated AFP did not differ in various groups categorized by BMI or the presence of hyperlipidemia. However, elevated AFP was less common in diabetics with HCC as compared to nondiabetics (57.2% vs. 67.4%, p = 0.0093) (see Tables 2 and 3) .
Elevated AFP were more frequent in patients with greater disease burden, including large tumors (>5 cm), multiple tumors, and vascular invasion (see Table 4 ). The frequency of elevated AFP did not differ with regards to MELD score or cirrhotic disease. Overall, 263 patients (35.7%) had a normal AFP. The percentage of patients with an elevated AFP did not differ significantly with age as listed in Table 1 , but was higher in females compared to males (71.9% vs. 61.8%, p = 0.018). An elevated AFP was also more common in Pacific Islanders (73.8%) compared to Whites (60.3%), although Asians and Asian subgroups did not differ compared to Whites (see Table 1 for odds-ratios). Elevated AFP did not differ with regard to HBV status, but was more frequently elevated in HCV-related HCC compared to HCV negative HCC (83.7% vs. 61.1%). When patients were both HBV and HCV positive, 73.4% had elevated AFP. The frequency of elevated AFP did not differ depending on alcohol use.
DISCUSSION
Favorable outcomes in HCC are more likely when detected at an early stage. Thus, effective screening aims at detecting preclinical HCC. For this purpose, various combinations of AFP testing, imaging with US, CT and/or MRI, are recommended. The role of chronic viral hepatitis in hepatocarcinogenesis is established. Screening patients with chronic viral hepatitis has been shown to result in earlier HCC detection, and reduced cancer mortality [20] . Guidelines for screening and diagnosing HCC by the American Association for the Study of Liver Diseases (AASLD), and the European Association for the Study of the Liver (EASL), are largely based on studies involving viral-related HCC [14, 21, 22] .
Non-viral related HCC is estimated to account for 15% -50% of all HCC cases [7] . NAFLD progressing to NASH-related HCC may contribute a significant portion of non-viral related HCC cases. NASH is estimated to effect 3% to 6% of the general population, and 30% of the morbidly obese [23] . However, it is clinically difficult to identify the population at risk with NASH, as many patients remain undiagnosed. Further, the degree to which NASH contributes to HCC risk is currently unknown. Those diagnosed with NASH may be followed by a primary care physician and not by a hepatologist or gastroenterologist expected to be more adherent to screening recommendations [24] . In the United States, a minority of patients undergo screening or surveillance before HCC is diagnosed. In one population based study, only 17% of HCC patients underwent surveillance before diagnosis [25] . In our study, screening was also infrequent, occurring in 11.0% of NASH patients, and 21.4% of non-NASH patients. Rather, our patients were commonly found to have HCC due to symptoms (NASH 49% and non-NASH patients 40.5%), or by imaging performed for unrelated reason. Not surprisingly, data regarding HCC screening in NASH patients is lacking. There is less data regarding AFP testing in NASH-related HCC.
The primary finding of this study is the relative infrequency of an elevated AFP level in patients diagnosed with HCC with NASH as the only identified risk factor for their cancer. Indeed, the median AFP level of NASH patients diagnosed with HCC fell within the normal range in this study. This is somewhat surprising since the patients with NASH-related HCC were more likely in this study to have tumors > 5 cm in diameter, and were equally likely to have presented with symptoms, as compared to patients with HCC associated with other risk factors. In our patient population the majority of patients were not screened, and many presented with clinical symptoms, whether or not they had NASH. Thus, our data mainly reflects the efficacy of AFP as a confirmatory diagnostic test.
A primary limitation of this study was that it was a retrospective review of patients referred to a single center for HCC management. Although relative diagnostic sensitivities of elevated AFP levels for detecting HCC can be estimated based on the tables in this study, absence of a complete dataset that includes patients without HCC including those with NASH (i.e. those not referred for surgical consultation), limits formal estimations of diagnostic sensitivity, specificity, or overall accuracy. Furthermore, potential referral bias exists for any case series, although in this study, the geographic isolation of our patient population and our institution's status as the surgical referral center for the majority of HCC cases in our region, limit such potential sources of bias.
CONCLUSION
Our study cautions against reliance upon AFP as a screening tumor marker in patients suspected of having HCC, especially in those with NASH as the only risk factor. Without adequate tumor markers for HCC in NASH, other strategies are needed to enhance early detection. US and other imaging will likely remain the primary screening modalities for patients at risk. Our clinical practice continues to rely heavily upon increasing community awareness, imaging-based surveillance measures, and selective liver biopsy for early detection of HCC.
